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Coup!ed Proton/Neutron Transport Calculations

[Jsing the S~ and Monte Carlo Methods

W.1,. F;lippcne
Department of Nuclear and Energy Engineering

University of Arizona
“Tucson, Arizona 8572 I

R, C’, Little, J.E More], R,E. MacFarlane and P.G. Young
Los Akmos National Laboratory

Los Akmos, New Mexico 87545
IN”I’ROD[JCTION

Coupled chnrgcd/ncutrnl p:lr{iclv transport calcul~ltions arc most often carried out using III(*

Monte Carlo Whniquc. For example. the ITS1, EGSZ, and MCNI’ ( Version 4)3 codes arc used

extensively for ~’lectrO1l/pllf~t(~ntransport crdculations while HE-X14 models the transport of ptotons,

neutrons :]nd hcfif’y ions.

In recvnt ycnrs there has kn considcrtrbtc progress in deterministic i~lodels of lllcctron

lr;~nsport,s I(I :IIIL\ n]:lnv of these mo(jl’ls are applicable to protons,ll tlowcver, even with lhl’sl> n~’w’

nl{dlIls (:ln(i thr tvril cstahlishrd nlol.iels for neutron transport) deterministic coup[cd nl*tlti(Jtl/[lr(Jtl)[~

IISIIIU 1x)111the S~ nnd Monte (-nrlo mrtl}(xls, ‘1’hCS~ ClliCUl:ltir)flS US(XI il Cod~ C[llll’(i

SMAR’I’IIPAN’I’S (simul:~ting monv :k.cun~uliltivv Rutherford triljmtorics, chxtron, proton nmi nOIJtI:Il

S~ AI,(;OKI’I’IIM

111(9SMAR 1l.1’,\N”l S L’{~flrIIWSII ~’onlllillnti{jn 1)1’,ho mulli~rf)up IIIVIIJ~Nl:111(1thr (x}tl!itl{ll~~ls
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controlled by the cross-sections. The total neutron and pro[on cross sections arc expressed ns

AA

up (E’~E, ;-+;) = UP (E’, tl’--+f)) 6(E-E’)
AA

+ UP (E’-+E) 6(fl - fl’)

and

where p dmmtes protons and n dcr,otcs neutrons, ‘l”IIc first term on the right

rcprcscnt collisions such :IS nuclear cwlomb scnttcring thnt cause (nmmnlly

clclkclinns, hut virtually no energy loss. The second term rcprcscnts rmwtions

(1)

(2)

hand side of [;q. ( I )

very small) angulnr

sucl] m proton/electron

scattering lh:lt cnusc small crwrgy h)sscs but virtually no anguktr dufkclions. ‘I”lw cross section ob ,C
.-

(l;’ ‘l;, i~ ‘ fl) r~lmwll thl’ Iwodllction of ixtrtich c, c = n, p duc to nuchw adlisions of particlr b.

I ) JJi’ J&q ,,,(s’ A ‘dr 41) #r(s’, i’,ir)

L’-l), 11
A

+ (),, (S,r’,1)) , l)- p,ll , (1)
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slr)pping power,
dE
x “

J,
EO

dE
S(E) = —-

E dE ‘
x b

For protons

J
E

dE
~ P=.

(Ii-[:’) Up (~+~’) (iE’ .

(4)

(5)

dE
For neutrons wc normally dcf;nc a hiegligibly small stopping power -d;- “ = O (S0 that the

I I

Spcnccr-Lewis solution algorithm can be applied to both particles), and SCI an (s,&& = O.

I Iowcvcr, for very cncrgctic neutrons it can be an advantage to apply the CSDA and SMART

scattering theory 10 the more nnisotrr)pic components ot’ the ncutrr)n Scilttcrirrg kcrncll J and then both

*A
(f-~

“ nnd an (s, fl’-4l) would be significant,
ds

Equation (3) is SOIWM using the standurd SN mulligroup method with diamond diffcrcncing in

:111variahlcs, x, v. z nnd s. cxccpt [hat for Ihc proton GISC (b=p) the first intr?gr:d is modcld with

SMAK”I’ sc;lttcring m:ltriccs, ‘1 bus. the extrcmrly anisotropic proton coulmnb scattering cirn hc
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Thc standard MCNP multigroup opticm is appropriate for neutral-pmticle transport. In

addition, a hybrid multigroup/continuous-energy method for charged-particle transport hns been

implemented in MCNP.16 The hybrid nature of the technique is a resillt of modifying the mul[igroup

method to accommodate particles with continuously varying energies. Small energy loss proccs~es am

modeled with a continuous slowinq down operator, and Iargc crwrgy loss processes arc modckd with

the standard Iloltzmann multigroup approximation. An advantage of tt,is technique is th~l the same

mul[igroup cross-section data generated for deterministic codes is appropriate for the hybrid

multigroup/continuous-energy Monte Carlo code.

The MCNP hybt id technique

problems, In this paper, we apply the

has been applied predominantly to coupled clcctlon/phomn

method to coupled proton jm’utron problems,

CROSS SECTIONS
. .

dl:
“ro define a scattering medium it is necessary to spccil.y ‘,~ ,, .01, [I:,fr 41)A tht’ O1...
AA

(1:’-+[, lY--4I), b,c, = p,n. We usc the computer cndc SPAR lfi for !~iu stopping powws :Iml [hr
. .

Rutherford scattering formula with hlolicrcl~ scrccning for u,, ( I:,il’ 4]), A:; mril[i(mmi r;lrlicr. :1

limitation in the past for neutron/protrm cnlculntions has twcn thr lnck of appropri:lw r~:llu:llwt dotu

Ii brarms, An effort in the Applied Nuchmr Scicncc Group at 1.os Alnmos h:ls pnrt inlly rt’mmliml this

problcr,l. Transport Iibrarics Imvc been complcwcf for promn- illl(l ncutnm - inducmi rc:lcti{)lls on ninu

ma[crinls (Ill, IM, (’, 0, Al, Si, Fe, W, and ~3n[J), with lhc incmident rncrfiv rnnm e.xtcndinu to 100

McVIH. ‘1’hc m:ljrw steps involw?d in the effort !mvc Iwrn: ( I ) cxtrnsi{m :Ind vxlid;llitm of low rnrrgy

nuc.lmr physics thcorcticnl models for npplicrihility up h) IO() M(’V; ( 2 ) (Ivvclopmrnt ot ev~llunlml

(I; NIN;/11) dnut formats Ilplmqwintc for hi~hcr cn@rs: (3) c:ilculnfl(m nnd rv;llmlti~m nf nuclmr dnt:I

in l; NIX:/ ll-Vl format for npproprintc mntrrinls up K) ItN) M(IV; ( 4 ) drvcl(~pnwt~t d“ pr[)~hrwii;g L.mlr

c:lpithilit ics to lmndlc tlw higher rnctgv dittn; Imd (5) drv(*l{~IJIIwnt (~1’tIw ;lIqll(Jpri:llc illlrrf:li’m :111[1

code p:ttchcs for U*C of [hr dnt[l in trnnslwrt codm such :1s M( ‘N1’ I(II l~IIIp(Ws 01”tlw twl llr[~lllrm

dmt’t ihml ill thr m’xt pnrn~r:tph. L’v:llu:ltwl (kit:l ftw iilunlit)lll)l h:lw lI~:Isn IH ~ILwiwtl II! NJ( ~}’ ‘“ tnt~l :1
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coupled P4 library with 52 neutron groups and 32 proton groups.

The key component of the effort described in the previous paragraph is the extensive model code

development required to provide the 100-MeV libraries. Prior to the present effort, the methods and

models that we routinely utilized in our analyses (mainly at energies below 30 McV) included R-

matrix and phase shift analyses, spherical and coupled-channel optical models, various level density

models involving energy-independent level density parameters, distorted-wave Born approximation

calculations, and multibarrier fission models. Reliable calculations O( higher energy neutron and

proton reaction data, however, required development and improvement of these existing models as

WCII as utilization of several new ones. Our development efforts centered upon exlcnsioll of optical

and reaction theories (preequilibrium and statistical models), research into nuclear Icvcl densities more

appropriate for higher excitation energies, and the development of systcmntics nccdcci m describe

angular distributions associated with continuum particle emission. Most impor’.:nlly, cxwnsivu new

development wits required in ordel to address the problem of neutron and -j -ray rmission from fission

rczrctions at high energies, particularly rcgmiing the calculation of fission cross sccli:ms :11 Iv:

higher energies and the excitation and dccxcilation of fission fmgmcnts by neutron :md photon

emission. All the model improvements were incorporated into the [i NASll CWIU systcmz{), wtli~”h

alreirti y includca mimy features useful for the higher energy analystw~’, lh’tililS t)f our lll(~tll’1 c(d~

development may be found in Rcfcrencc 18.

RIXJI.lS

To test the trlgorilhms. trrmsmitrwl rmd reflcctcd currcnls duc to monodirccti(ml norl; lally

incident bcnms of neutrons urrd protons were calculntcd. “1’lw ll~illll!i were incidcrit tm :lluminrlm

plntcs lncmsurin~ 16 cm in the x- nnd y-directions and 0.5. I , ~, 1, 3,5, and 4 Cm in tlw l.-~lir(w tifw

“1’hc Icsults m shown in I;igs. I and 2, l;xccpt for Ihc rdkfd lwot(ms lhr :]grccmrnt is cxt’rllcnl

TIIC major diffcrcncc belwrwn lhc mmkmls is thr usunl ctm[inuwls M(NIIC C“wk) vrrsus discrctl’
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SN variables (here we used S4 quadrature with 9 x- rmd y-mesh cells and 6 or 8 z-mesh CCIIS). In

addition, narrow angle coulomb deflections were negl~cted in [he Monte Carlo calculations but

modeled using SMART scattering theory in the SN code. This could explain the slightly larger proton

range predicted by the Monte Carlo method (see Fig. 2).
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I’ig. 1. Transmj ttcd Nuctron (TN) , fleflccted Nuetron (RN) ,
‘1’r:lnsmitted l’roton (TP) and Reflcctcd Proton (RP) currents
I_mr Six Slab Tllickncsscs due to Normally Incident 100 MeV
Ncu Lron Dc,~ms. Jhth Monte Carlo (MC) and SN results are
sllf]wn.
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